showed that the treatment combination of (humic acid + mycorrhiza + biochar) was significantly superior compared to all the other treatments in number of capsules/plant, biological yield/plant (g), seed yield/plant (g), seed yield (kg/feddan), straw yield (tons/feddan), oil percent (%), and oil yield (kg/feddan). However, it gave the highest fruiting zone length (cm) but not significantly different from (mycorrhiza + biochar) and (humic acid + biochar), also it gave the highest seed index (g) but not significantly different from humic acid and (humic acid + mycorrhiza). The treatment combination of (humic acid + biochar) gave the highest plant height (cm), technical stem length (cm), and number of branches/plant.
Introduction
Flax was already grown 6000 -8000 years ago in Egypt together with barley and wheat [1] . Flax plays an important role in the national economy owing to export beside local industry. Flax is considered one of the most important dual purpose crops for oil and fiber production in Egypt and the world [2] flax is rich in oil (41%), protein (20%), and dietary fiber (28%). Also it has high percentage of essential fatty acids.
The mycorrhiza fungi can be benefit to plants by enhancing the availability of soil water and nutrients [3] . The inoculation may improve crop yield by increasing the capacity of plant to obtain nutrients that are relatively immobile in the soil such as phosphorus [4] [5] . Humic acid is an organically charged bio-stimulant that significantly affects plant growth and development and increase crop yield. It has been extensively investigated [6] . Humic acid improves physical [7] , chemical and biological properties of soil [8] [9] . The role of humic acid is well known in controlling soil borne diseases and improving soil health and nutrients uptake by plants, and increasing mineral availability [10] .
Charcoals are produced annually for cooking and industrial purposes. Most of this production is located in developing countries rather than developed countries. Charcoal production is often detrimental to the environment, as it leads to deforestation and air pollution. Yet, most developing countries have few alternatives to charcoal production for household fuel. However, significant improvements are possible with viable alternatives as far as wood production, charcoal production with respect to human health and use of charcoal waste is concerned. Additionally, it has been argued that use of charcoal as a fuel replacing wood leads to lower levels of household indoor pollution and an associated reduction in mortality [11] . Charcoal waste can be applied as biochar to agricultural soils (including the fields where the trees are grown for charcoal production) and turned into a valuable resource for improving crop yields on acid and infertile soils where nutrient resources are scarce [12] . Biochar can act as a soil conditioner enhancing plant growth by supplying and, more importantly, retaining nutrients and by providing other services such as improving soil physical and biological properties [12] .
Materials and Methods
Two field experiments were carried out at the Research and Production Station of the National Research Centre (NRC), Al Nubaria district, El-Behaira Governorate, Egypt during 2012/2013 and 2013/2014 winter seasons to study the effect of humic acid (HA), inoculation with mycorrhiza, and biochar (charcoal or biomass-derived black carbon) on seed yield, yield components and water use efficiency of flax variety (Amon) under newly reclaimed sandy soil. Physical and chemical properties of the soil ( Table 1) were analyzed according to [13] .
The experimental design was Complete Randomized Block Design. Plot area was 10.5 m 2 (3.5 m long and 3 m wide). Phosphorus fertilizer was added before sowing at the rate of 31 kg P 2 O 5 /feddan as calcium superphosphate (15.5% P 2 O 5 ) while potassium was added at the rate of 24 kg K/feddan as potassium sulphate (48% K 2 SO 4 ), nitrogen fertilizer was applied at the rate of 75 Kg N/feddan in the form of ammonium nitrate (33.5% N) in three equal portions, 20 days after sowing, before second irrigation, and at the flowering stage. Sowing was in mid-November in both seasons. The treatments were as follow: Control, mycorrhiza (1 kg/feddan), biochar (4 tons/feddan), humic acid (25 kg/feddan), (humic acid + mycorrhiza), (humic acid + biochar), (mycorrhiza + biochar), and (humic acid + mycorrhiza + biochar). Irrigation was carried out using sprinkler irrigation system where water was added every 5 days.
Flax plants were pulled at full maturity, and then left on ground for air-drying. Capsules were removed carefully. At harvest the following characters were recorded on a random sample of ten guarded plants from each water /fed/season). Oil yield (kg/fed) was calculated by Seed yield (kg/fed) * Seed oil (%). Seed oil %: was determined by Soxhlet apparatus using petroleum ether (40˚C -60˚C b.p) according to the Official Method [15] . Oil yield (kg/fed) was calculated by Seed yield (kg/fed) * Seed oil (%). The obtained results were subjected to statistical analysis of variance according to method described by [16] since the trend was similar in both seasons the homogeneity test Bartlet's equation was applied and the combined analysis of the two seasons was calculated according to the method [17] .
Results and Discussion
The results presented in Table 2 indicated that the treatment (humic acid + mycorrhiza + biochar) significantly affected all the studied characteristics and surpassed all the other treatments especially in seed yield (509.97 kg/feddan) and oil yield (199.45 kg/feddan). These results may be due to the highest obtained values of fruiting zone length (21 cm), number of capsules/plant (17) , biological yield/plant (1.57 g), seed yield/plant (0.19 g), seed index (6.00 g), and seed oil (39.11%) under that treatment. In addition, the results indicated that the treatment also gave the highest straw yield (2.52 tons/feddan) as compared to the other treatments.
Diversity of organisms interacting with biochar Data presented in Table 2 clearly showed that all combined applications of Mycorrhiza, Biochar and Humic acid appeared greater and significant effects on all studied characters except technical length, No. of branches/ plant, straw yield and oil percentage characters when the plants treated with the combination Mycorrhiza + Biochar. The data showed yield increases ranged between (48.6%) when the single treatments applied, while such increase ranged between (65.4% -169.3%) with the different combination compared to the control. Either biochar or humic acid applications were more efficient than mycorrhiza under single or combined applications. The lower response of mycorrhiza than other treatments in single or combined application could be attributed to the activity of mycorrhizae which is sensitive to management interventions, such as adding biochar, and it is tempting to speculate on the possible synergistic effects of mycorrhizal inoculation and biochar application in enhancing soil quality and plant growth. Also, applying biochar to soil stimulated the colonization of crops by Arbuscular Mycorrhiza (AM) fungi. [18] reported that root infection by Arbuscular Mycorrhiza (AM) fungi significantly increased alfalfa yield by 40 to 80 percent when 1 kg/m 2 of biochar was added to an alfalfa field in a volcanic ash soil. From the same table it is clear that the efficiency of application of biochar combined with the other two treatments may be attributed that it be used as a soil amendment to improve soil quality and to increase crop production, this will increase its appeal. In this regard, an obvious positive attribute of biochar is its nutrient value, supplied either directly by providing nutrients to plants or indirectly by improving soil quality, with consequent improvement in the efficiency of fertilizer use. As a measure of the direct nutrient value of biochar, it is not the total content but, rather, the availability of the nutrient that is an important consideration. Moreover, the indirect nutrient value of biochar is its ability to retain nutrients in the soil and, therefore, to reduce leaching losses, resulting in increased nutrient uptake by plants and higher production. According to [19] the indirect nutrient value of biochar is the removal of soil constraints limiting plant growth and production (e.g. the use of lime to overcome soil acidity, with resulting improvement in fertilizer-use efficiency and increases in plant production).
The obtained results are in agreement with [20] . The highest values obtained from that treatment may be due to the improvement of soil conditions and the establishing equilibrium among plant nutrients which considered important for soil productivity and plant production where some investigators, [21] revealed that humic acid substance and mycorrhiza inoculation lead to the improvement of soil and increased the yield of some field crops. Also, mycorrhiza fungi play an important role in the whole plant nutrients balance by aiding in the uptake of limiting nutrients and maintaining the nutrients.
Also, the results from the current study agree with [22] who reported positive response to biochar in combination with fertilizer in pot trials, and [23] who stated that maize and peanut yields were enhanced where bark charcoal was applied in combination with N fertilizer in the field.
As shown in Figure 1 , the increase in seed yield, kg/feddan when the treatment (humic acid + mycorrhiza + biochar) was adopted was 29.44%, 11.55%, 62.84%, 17.16%, 67.10%, 81.32%, 169.36% as compared to (humic acid + mycorrhiza), (humic acid + biochar), (mycorrhiza + biochar), humic acid, biochar, mycorrhiza, and control, respectively.
These results are in accordance with those obtained by [24] who reported positive yield effects from biochar addition and were able to establish that the impact were in part due to non-nutrient improvement to soil functioning. Table 3 showed the correlation coefficient among the studied characters of flax variety (Amon). As shown in the table, there was a highly positive significant simple correlation coefficient among all the studied characters at 5% level of significance. 
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Conclusion
The current study is strongly indicating the importance of the included organic resources in improving the productivity and quality of flax crop. The results directly confirm the role of humic acid, mycorrhiza, and biochar in fertile the soil and building the organic carbon which may help in improving soil quality of the sandy soils and increasing the water holding capacity and consequently increasing yield and productivity.
